Study Design. A retrospective observational study. Objective. The aim of this study was to test whether a goaldirected fluid therapy (GDFT) protocol, based on stroke volume variation (SVV), applied in major spine surgery performed in the prone position, would be effective in reducing peri-operative red blood cells transfusions. Summary of Background Data. Recent literature shows that optimizing perioperative fluid therapy is associated with lower complication rates and faster recovery. Methods. Data from 23 patients who underwent posterior spine arthrodesis surgery and whose intraoperative fluid administration were managed with the GDFT protocol were retrospectively collected and compared with data from 23 matched controls who underwent the same surgical procedure in the same timeframe, and who received a liberal intraoperative fluid therapy. Results. Patients in the GDFT group received less units of transfused red blood cells (primary endpoint) in the intra (0 vs. 2.0, P ¼ 0.0 4) and postoperative period (2.0 vs. 4.0, P ¼ 0.003). They also received a lower amount of intraoperative crystalloids, had fewer blood losses, and lower intraoperative peak lactate. In the postoperative period, patients in the GDFT group had fewer pulmonary complications and blood losses from surgical drains, needed less blood product transfusions, had a shorter intensive care unit stay, and a faster return of bowel function. We found no difference in the total length of stay among the two groups. Conclusion. Our study shows that application of a GDFT based on SVV in major spine surgery is feasible and can lead to reduced blood losses and transfusions, better postoperative respiratory performance, shorter ICU stay, and faster return of bowel function.
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Intraoperative hemodynamics must match the need for minimizing intraoperative blood losses while preserving adequate spinal cord perfusion.
Recent evidence supports the need for an individually tailored approach to fluid administration, targeted on dynamic parameters (goal-directed therapy, GDT) and not solely based on arterial pressure and static measurements such as central venous pressure (CVP). 9, 10 In spite of this, there are only a few studies investigating the effect of GDT-based fluid administration protocols on postoperative outcomes in orthopedic surgery. [11] [12] [13] [14] One of the most commonly used parameters in GDT is stroke volume variation (SVV), based on the variations of stroke volume during the respiratory cycle, obtained by pulse contour analysis. SVV has also been validated in the prone position: a study from Biais et al.
11 demonstrated that SVV can reliably predict fluid responsiveness in prone position, albeit with a higher threshold than in supine position (15% vs. 11%).
In our spine surgery unit, intraoperative fluid administration has traditionally been driven by an internal protocol based on mean arterial pressure (MAP), which was maintained around 50 to 60 mm Hg using a liberal fluid regimen and ephedrine boluses when necessary. Recently, a protocol based on SVV and thus requiring the use of the flotrack/ vigileo monitoring system has been introduced.
We hypothesized that intraoperative hemodynamic optimization obtained by applying the new GDT protocol could lead to reduced red blood cells (RBCs) transfusion in the perioperative period.
MATERIALS AND METHODS
After ethics committee approval (protocol number 0029624) for reviewing patients' charts, we conducted the present retrospective cohort study. We therefore collected data about 46 patients, who had undergone posterior spine arthrodesis involving more than five vertebral spaces between Patients with known heart, liver, or renal disease (failure), with any abnormality in baseline coagulation test, creatinine, hepatic enzymes, and creatine phosphokinase (CPK) values as well as patients developing intraoperative pleural lesions were all excluded from our analysis.
All surgical procedures were performed by experienced spine surgeons at our Institution and anesthesia care was managed by senior attendants. Our internal protocol for anesthesia management was applied to both groups, as in daily clinical practice at our Institution. All patients underwent general anesthesia induction with intravenous (i.v.) propofol 2 mg/kg, fentanyl 2 mg/kg, and cisatracurium 0.15 mg/kg to facilitate orotracheal intubation. A second large bore i.v. line (or central venous catheter if indicated) was then positioned. A radial arterial line was placed and all patients received continuous invasive pressure monitoring. Patients were ventilated in volume-controlled mode with a tidal volume of 8 ml/kg and ventilation parameters were then adjusted to maintain an EtCO 2 at 30 to 35 mm Hg during the surgical procedure. A vescical catheter was placed for urinary output monitoring. All patients received pre-operative antibiotic prophylaxis and tranexamic acid 10 mg/kg before incision. In order to avoid any interference with neuromuscular (motor evoked potentials) monitoring, intraoperative anesthesia was maintained with total i.v. anesthesia (TIVA) conducted with propofol (5-15 mg/kg/ h) and remifentanil (0.05-0.5 mg/kg/h) infusions. Depth of anesthesia was therefore monitored by bispectral index (BIS) and TIVA infusions were modulated to achieve a target BIS value between 40 and 60. Fluid warming devices and air warming blankets were employed to maintain esophageal temperature between 368C and 37.58C.
All patients received an intraoperative continuous infusion of tranexamic acid at 1 mg/kg/hour. Arterial blood gas analyses were performed at least every 60 minutes or whenever deemed necessary.
Transfusion threshold was set at hematocrit <25%, with 1 unit of fresh frozen plasma (FFP, 600 mL) for every 3 units of transfused RBCs.
An autologous blood cell saver was used in all cases for blood loss monitoring and reinfusion.
Patients in the two groups differed for intraoperative fluid management. In group LFT, the attending anesthesiologist administered a LFT according to general principles of good clinical practice, with the goal of keeping the MAP ! 50 to 60 mm Hg.
Patients in group GDFT received the fluid management depicted in Figure 1 .
Basal crystalloid infusion was started at 4 mL/kg/hour right after general anesthesia induction and intubation. The arterial line was connected to the vigileo/flotrack monitoring system and baseline SVV (named SVVs) in the supine position was measured: if SVV was <12%, the patient was considered euvolemic and proceeded with baseline infusion alone. If baseline SVV was >12%, rapid crystalloid infusion was administered until SVVs reached a value 12%, to optimize basal conditions as suggested by previous studies. 15 The patient was then placed in prone position and the new SVV (called SVVp) was measured: we considered acceptable a rise in SVV of 25% when changing from supine to prone position. If SVVp was > (SVVs þ 25%), the patient position on the surgical table and all the pressure points that could be responsible for a decreased venous return were checked and adjusted until SVVp reached a stable value (SVVs þ 25%).
At this point, the threshold value for crystalloid bolus administration was calculated and set at SVVp þ 20%, and we named it SVVx.
If SVVp values were SVVx, baseline crystalloid infusion alone (4 mL/kg/h) was continued. When SVVp was > SVVx, a crystalloid bolus of maximum 10 mL/kg (repeatable only once after 5 min) was administered until a value of SVVp SVVx was reached. If after two consecutive crystalloid boluses SVVp remained > SVVx, administration of vasoactive amines (ephedrine bolus) was considered.
At the end of surgery, all patients were transferred to our facility ICU, wherein routine chest radiograms were performed upon admission and blood tests were performed on a daily basis. RBCs and FFP transfusions in the ICU were prescribed according to the clinical judgment of the attending physician. Criteria for discharge from ICU are listed in Table 1 .
All charts were reviewed to collect the following data: gender, age, BMI, ASA status, number of spinal instrumentation level, total intraoperative infused crystalloid volume, total amount of recovered blood as an indicator of intraoperative blood loss, maximum lactate value, units of intraoperative transfused RBCs, volume of collected blood from surgical drains during the first postoperative 72 hours, units of postoperative transfused RBCs, postoperative diuresis, any radiological sign of pulmonary congestion, need for antibiotic therapy (apart from surgical prophylaxis), peak creatinine, peak bilirubin and hepatic enzymes, peak CPK, length of stay (LOS) in ICU, time to return of bowel function (i.e., first passage of stool), any postoperative complication, total LOS.
Statistical Analysis
The primary endpoint of the study was the amount of transfused RBC units in the perioperative period, defines as intraoperative þ first 72 hours. From previously collected data, we determined a mean perioperative transfusion rate of 3.5 RBC Units with an SD of 1.2. We expected a reduction in RBC transfusions of about 30%, and with a power of 0.8 and an a-error of 0.05, the calculated sample size was 23 patients per group.
Continuous variables were compared with MannWhitney U test for independent samples and presented as median and interquartile range (IQR) or mean AE standard deviation (SD), as appropriate. Discrete variables were compared using Fischer exact test and are presented as counts/total and percentages. A value of P < 0.05 was considered statistically significant.
RESULTS
Anthropometric and demographic characteristics of the two groups were similar and showed no statistical difference, as reported in Table 2 .
Results for intraoperative variables are described in Table 3 .
Patients in GDFT group received less intraoperative crystalloid infusion compared with the liberal infusion group, and less RBC transfusions. Peak lactate level was lower in group GDFT, and patient in Group GDFT had less blood losses, as indicated by cell saver processed blood volume.
Results for postoperative variables are summarized in Table 4 .
GDFT had significantly lower blood losses from surgical drains than LFT group, and received less perioperative RBC transfusions (primary endpoint). As for postoperative respiratory function, no patient in GDFT had a radiological sign of pulmonary congestion, such as bilateral pleural effusion or peri-bronchial cuffing, versus 20% in LFT group, and no patient in the GDFT required postoperative ventilatory support, while 11% of patients in the LFT group required noninvasive ventilatory support and one patient required reintubation at the admission in ICU due to postoperative acute respiratory failure. Patients in the GDFT group were discharged earlier from the ICU and had earlier return of bowel function (i.e., first passage of stool).
None of the patient required adjunctive antibiotic therapy in both groups. There was no statistically significant difference serum creatinine, transaminases, total bilirubin, and CPK. Postoperative urinary output was significantly increased in the GDFT group.
Postoperative complication rate and total LOS were reduced in the GDFT group, but this difference was not statistically significant.
DISCUSSION
Our study found that the application of a GDT fluid infusion protocol was effective in reducing RBC transfusions during surgery and in the first 72 postoperative hours. In the perioperative period, 61% of patients in the GDFT group did not receive any RBC transfusion versus 13% in the LFT group. Patients in the GDFT group also had less intraoperative blood loss as indicated by the blood recovery system. Reducing the amount of transfused RBCs is in our opinion a very relevant result, as blood product transfusions have been associated with worse outcome in previous studies in cardiac 16 and noncardiac 17 surgery. Even more importantly, in a recent analysis from Seicean et al., 18 RBC transfusions were associated with increased LOS and short-term perioperative morbidity in patients undergoing elective spine Continuous variables are presented as mean and standard deviation (SD); absolute variables are presented as counts over total and relative percentages. There was no statistical significance (P ! 0.05) among baseline parameters in the two groups.
surgery, regardless of preoperative hematocrit level and patient comorbidities. Another important result is the effective reduction (about 40%) in the amount of infused crystalloids that resulted from the application of the protocol: we believe that in this case, this is a direct result of having an advanced hemodynamic monitoring system that provides valuable information about the patient's volemic status, allowing the attending anesthesiologist to ''cut-off'' the infusions without the fear of not meeting the patient's needs. The chosen parameter to base the infusion protocol upon, SVV, had already been validated in the prone position in the intraoperative setting, 11 although, according to other studies, it might not be as reliable in other settings, such as acute respiratory distress syndrome patients undergoing protective ventilation. 19 Many other important parameters (e.g., CI, O 2 delivery index, systemic vascular resistance index, and so on) can be measured with Vigileo/Flotrack and are certainly useful in getting a more complete picture of the patient's hemodynamics and peripheral perfusion.
GDT infusion regimens are not necessarily associated with reduced fluid infusions: on the contrary, one of the major concerns of applying a GDT protocol is that aiming at a super-optimal target can drive the clinician to administer more fluids and/or amine infusions. 9, 20 This was not the case in our study, but it should be emphasized that GDT is not synonymous with ''restrictive'' or ''hypotensive.' ' We hypothesize that hemodynamic optimization, with a reduction in crystalloid infusion, and reduction in blood losses and RBC transfusions are closely linked: a liberal infusion regimen can determine a state of venous congestion, which in turn increases bleeding from the instrumented bone; besides, hemodilution lowers the blood hematocrit, so the transfusion threshold is reached sooner, and can ultimately impair the coagulation process, increasing blood losses even more. A liberal fluid strategy can thus create a vicious loop of fluid overload, bleeding, hypocoagulation, and blood product transfusions.
It is also noteworthy that peak intraoperative serum lactate levels were significantly lower in the restrictive fluid therapy group, and never exceeded 2 mEq/L, as shown in , suggesting that end-organ perfusion and oxygenation was also superior in the GDFT group: it is generally believed that not only hemodilution lowers the blood oxygen carrying capacity, but fluid overload also causes interstitial edema with impaired oxygen diffusion and delivery. 21 GDFT was superior to LFT for several other postoperative outcomes. No patient in the restrictive fluid group required postoperative ventilator support, nor did they present radiological signs of pulmonary congestion, in contrast with what happened in the liberal regimen group. These findings are consistent with recent evidence coming from RCT and systematic reviews, 3 and may be related to the difference in RBC transfusion rates: acute respiratory failure can be due to transfusion-related circulatory overload (TACO) or transfusion-related lung injury (TRALI), and it is not easy to assess which is the actual cause, as they can have a similar clinical presentation and also coexist. 22 GDFT patients also had a faster return of normal bowel functions: this is also consistent with results from several different studies, and it is generally believed that the slower recovery is caused by the interstitial edema in the intestinal mucosa that results from hypervolemia. 21, 22 Another very important difference, also consistent with results from recent literature, is the reduction in ICU LOS in the GDFT group. 3 We found no difference in infection rates, liver and kidney function tests, and serum CPK. Urinary output in the ICU was higher in the GDFT group, but the difference, although statistically significant, might be of low clinical relevance (1.0 vs. 0.8 mL/kg/h).
Overall complication rate and total LOS were reduced, but these results did not achieve statistical significance, in contrast with what reported in previous studies 23 ; however, this study might have been underpowered to detect such differences.
Our study presents several limitations. The first limit is represented by the retrospective nature of the analysis. The study was conducted with the purpose of validating an internal protocol for intraoperative fluid management recently proposed in our facility. As mentioned above, when the protocol was first introduced, the choice of adopting a restrictive GDFT protocol rather than a ''traditional'' liberal regimen was left to the single attendant anesthesiologist for each case. As it often happens with innovative concepts, some clinicians embraced the new indications rather quickly, while others preferred to adhere to the more familiar practice: therefore, we have conducted a retrospective analysis of cases that were all carried out in the same timeframe before consistently adopting the GDFT regimen in our spine surgery patients. Second, sample size might have been inadequate to detect a significant difference in outcomes, especially in complications. LOS reduction is a very complex outcome that is determined by multiple factors, such as patient's rehabilitation protocol, pain control, surgical wound healing, and so on, and therefore hardly modifiable with a change in intraoperative fluid therapy alone. Further studies are needed to better investigate the direct impact of a GDFT protocol on complications in a larger prospectively enrolled population.
In conclusion, in the present retrospective cohort study, conducted on patients undergoing spine surgery in the prone position, the application of a GDFT protocol was associated with less perioperative RBC transfusions (primary endpoint) and blood losses, better postoperative respiratory performance, shorter ICU stay, and faster return of bowel functions.
Key Points
Intraoperative goal-directed therapy based on stroke volume variation can be safely and reliably applied in major spine surgery performed in the prone position. The application of a GDT protocol can lead to reduced perioperative red blood cells transfusions, lower surgical bleeding, better postoperative respiratory performance, reduced ICU stay, and faster return of bowel function. Further studies are needed to investigate whether the application of a GDT protocol can lead to a reduction in total length of stay and complication rates in this surgical setting.
